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ABSTRACT

One major purpose oi this investigation was to
determsiuc and compace the effects of three different perceptual
situations (screeniny, neutral, and conflict) on kinderyarten and
first grade children'!s ability to use the transitive property of the
ejuivalence relation "same length as" ¢nd the two order relations
"1longei than" and "shorter than". A total of 96 subjects (49
kindergacrt»n and 47 ficrst grade children) were chosen from the local
public schn:ol population. Trained examiners administered the
special.y developed Knowledge of Terrs Test and the Conservation of
Length Relations Test (CLRT) individually to the ckildren. On the
basis of CLRT scores, suhjects weirc classified as beiny high, mediunm,
or low in conservation ability. CLRT materials were red, green, and
blue sticks, soda straws, and pipe cleaners which the children judged
and conpared for equivalence in length. Results inrdicate (1) children
in both yrade levels and in all three conservation levels were able
to use the transitive property in thce neutral situation in many more
instances than in either the screening or conflict situation and (2)
first grade children signiticantly outperformed the kindergarten
children. (¥Y)
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The Ability of Kirdergarten and First Grade Children
To Use the Transitive Property of Three Length Relations In
Three Perceptual Situations
Benjamin P, Divers, Jr. Leslie P. Steffe
University of Georgia

Many factors must be considered when constructing an clementary school
mathematics curriculum, Some of these factors may be grouped under three main
spurces which, according to Glennon and Callahan (1968), 'may be referred to
as the nature of the learner (psychological), the nature ol his adult society
{sociological), and the naturc of the cognitive arez (logical or pure mathe-
matical) [p.1)." At different points in time, each of these sources has
received major emphasis. A considerable amount of the pressure for change
that brought about the so called "revolution in wathematics' that began in
the £ifties, camz from people who were interested 1n a shifting of the
emphasis toward the logicel or pure mathematical. That emphasis should
rightly be placed on this aapect js disputed by few. However, there is an
inherent danger in considering only the mathematical aspects. As an example,
Lovell (1962), in reporting the results of 2 utudy dealing with the growth
of geometrical concepts in children, said that the data "suggests that rany
children in primary schools are svccessfully measuring length vithout fully
understanding the nature of the actiocns they are engaging in {p. 751).%

The Cambridge Conference on the Correlation of Science and Mathenatics
{1969) is a good example of & conference whose counferec's considered mainiy
the cognitive areas. They recormend that the concepts of equivalence and
order relatione be introduced as early as kindergarten or first grade. At
present, however, there is not available very much reliable data on which to

base such introductfons. Slegel and Hooper (1968) made this point when they
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said,"there is & great need for research data describing in detail the cognitive
capability of elementary schoecl children so that curriculum innovations may be
more rationally based, utilizing knowledge about competencies and abilities of
children [p. 4)."

The transitive property is an{important aspect of equivalence and order
relations., Moreover, when any direct measurement involving the use of a
standard unit is undertaken an understanding of this property is essential. In
one of the first studies dealing with young children's ability to perform
measuring tasks and to use the transitive property, Plaget, Inhelder, and
Szeminska (1964, pp. 30-32) had 5 and 6-year old children construct & tower
equal in height to a tower already built by the experimenter. On the basis
of such observations, the authors concluded that children are about 7 years
old bufore the transitive property beccues operational.

Braine (1959, p. 5j, in reporting on a study in which he is critical of
Piaget's results, has pointed out that Piaget based his conclusions that a
child is not capable of using the transitive property on the child's measuring
behavior. Braine contends that the measuring behavior observed may reflect
the child's knowledge of measuri..g technique a3 much as it does his ability to
use the transitive property. He further criticized Piaget's experiment by
contendiné that the children may not have understood the verbal instructions.
In order to correct some of the errors he felt Piaget made, Braine conducted
a study in which he examined the two relations ‘lcnger than' and"shortue than"
using non-verbal nethods. In reporting his findings, he said the children were
able ‘o ugse the transitive property appsfoximately two or three years before
Plaget claimg it first became available to them,

Smedslund (1963, pp. 403-405), in reporting on a study he did on the

development of concrete transitivity of length in children rangiig in age from
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4 to 10 years, agreed with Braine's criticism of Plaget's experimental procedures.
However, Suedslund took <ctrong exception to Braine's finding that 50 per cent
of the children he tested had transitivity of length relations somewhere between
the ages of 4 years and 2 months and 5 years and 5 months. As a result of his
study, Smedslund gaid the evidence supports Pilaget's hypothesis about the
average age of acquisition of concrete transitivity of length. The controversy
over methodological issues and the age at which children acquire the transitive
property has not been completely resolved.

Steffe and Carey (1968, pp. 111-113), in an investigation which dealt

with the ability of four and five-year-old children to use the transitive

nn !

property of the length relations “longer than, cshorter than," and "same length
ag,” both before and after formal experiences in establishing length relatious,
found that before any formal training none of the four-year-olds and only 4/32
of the five-year-olds in their sample met criterion on a transitivity test.
Thore have been few studies dealing with a child's ability to use the
transitive property of a length relation in different perceptual situations.
Braine (1%859), in his study, used wooden uprights with arms at their upper and
lower extremities s0 as to induce a slight degree of illusion (Muller-Lyer effect)
in the apparent length of the uprights. Smedslund (1963) also used stimulus
materials that were intended to induce a Muller-Lyer i1llusion. Neither of these
investigzators compared the subject's performance :n the supposed perceptual
conflict situation with situations that did not involve an illusion effect. 1In
a somewhat i2lated study, Brunec (1966) found that children of ages four through
seven years gave more Correct responses on & conservation of liquid tesc when a
screen was placed between them and the containers into which the 1iquids were

poured than when a screen vas not there. Bruner suggeated that one possitle

expianation of this finding was that one of the difficulties, which he calls

O

(o)

Aruitoxt provided by Eic:



, 4

" that children have to overcome to comprehend the idea

"perceptual seduction,
of conservation had been removed.

The above studies do not satisfactorily describe consistency of performance
of young children when attempting to use the transitive property. If the child
can use the transitive property of one length relation, dces this imply he can
use the transitive property of all three length relations? What (s the
influence of different perceptual situations on the child's ability to use the
transitive property? If the objects are placed so the subject can see them,
but far er.ough apart that thelr relative lengths must be inferred rather than
visually ascertained, will his performance be better than when the objects
are placed so as to create an 1llusion effect? If the objects are screened
from view at the time of the response so that visusl conflict 1s removed, will
the subject give more correct responses than in the other perceptual situations?
It seems the conflict situation would be the most difficult due to the illusion
effect with the neutral situation Leing the least difficuit. However, these
predictions are tenuous because in the screening situatior, the child cannot
see the objects and hence cannot be deceived by hie perception, but on the
otber hand, any reinforcement he might get from seeing tuem has also been removed,

Thus one purpose of thfs investigation was to determine the effects uf
three Jdifferent perceptual situations on kindergarten and first grade children's
ability to use the transitive property of the equivalence relation "same length
es" and the two order relations "longer than' and "shorter than." The
situations are defined as follows: (1) neutral, a situation in which the place-
rant of the obje:ts is such that observing them 1s not expected to help or hinder
the subject in reaching the correct conclusion regarding their relative lengths;
(2) screening, a sitvation in whic¢h the placement of the objects 15 such that
they cannot be seen by the subject at the time he gives his response; (3) conflict,
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a situation in which the placement of the objects 1s such that observing them
may hinder the subject in reaching the correct conclusion.

A second purpose was to determine effects of various length relations on
the ability of five and six-year-old children to perform transftivity tasks; a
third purpose was to compare general performances oi five and six-year-old !
children on the use of the transitive property; a fourth purpose was to !
determine if performance on transitivity tasks is more situational specific
for children who are able to conserve the relation than for those who can
not conserve the relations; a fifth purpose was to investigate response
consistency on transitivity tasks across relations and perceptual situations.
A final purpose of the study was to determine 1f the subject's ability to

conserve a length relation was a necessary and/or a sufficient condition for

him to use the transitive property of that relation.

METHOD

The Subjects

Ninety-six subjects, comprised of forty-nine kindergarten and forty-
seven first gradz children, were chosen for the study. The children came from
the Carter and Perkersor elementary schools of the rublic school system of
Atlanta, Georgia. There were twenty-six kindergarten and twenty-seven first
graders, all of whom were black, that came from the Carter school which had a
predominately black student body. From the predominately white Perkerson school,
there were twenty-three children from kindergartern and twenty children from the
first grade, all of whom were vhite. At the time of the study in May 1970, the
range of ages was 65-76 months for the kindergarten children and 78-96 months
for the first graders. The mean age of the first group was 71 months and for
the second group waes 85 months,

First grade and kindergarten children were chosen for the study for
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several reasons. First, the controversy between Braine and Smedslund regarding
the age at which the transitive property becomes operational for the child has
centered around the age of five to eight years. Second, according to Piaget, it
is at about seven years of age when the child enters the concrete cperational
stage and hence may have developed the cognitive structures necessary for using
the inference pattern required for the successful use of the transitive property.
Finally, a discussion with school officials along with a review of the curriculum
meterials being used in the schools convinced the investigatorsthat few, if any,
of the concepts that the children were to be tested on would have been presented

as formual school experiences to the children prior to the time of the study.

Procedure

The testing began on May 13, 1970 at both schools. Three trained examiners
did che testing, with one examiner at the Carter school and two at the Perkerson
schvol. The testing was completed on May 25, 1870 at Perkerson and on May 29,
1970 at Carter. Each child was tested individually at three different times for
approximately fifteen minutes per session. On each occasion, before any testing
was begun, each examiner was instructed to put the child at east by talking
briefly with him and allowing a short time for play with the sticks used in the
testing. The exauniner and the subject sat at a table across from each other
during all of the testing sessions. A plece of white cardboard approximately
thirty inches long and eighteen inches wide was placed on the table between the
exaniner and subject. On all of the tests, the objects were on _he cardboar(
while the subject was giving responses regarding their relative lengths. When
the objects were not being used, they were kept in a psrtitioned tray beside
the examiner and out of sight of the child.

To ascertain that the subjects understood the various terms to be used

i the conservation and transitivity tests, a Knowledge of Terms Test (KTT)



‘was administered first. This test, which took approximately five minutes to
administey, was constructed by the investigatorsand consisted cf nine items, A
plle of sticks, ranging in length from seven to nine inches and of various colors,
was placed in front of the subject. The examiner placed another stick near the
center of the table and the child was asked to select from his pile a stick that
wvas the same length as the single stick. This procedure was repeated with the
chi)d next asked to select a stick that was shorter and finally a stick that
was longer then the single stick. These three items were designed to make
certain the subject understood the meaning of the terms '"same length as,"

“longer than," and "shorter tham."

All of the sticks were then placed in a single pile and the subject was
asked to pick a red stick, then a green stick, and finally a blue stick from
the pile. These three items w2re designed to insure the subject understood
the meaing of the terms used to describe the colors of the objects in the tests.
All the eticks were removed from the table and a red stick and & green stick
diffz2ring in length by approximately one-fourth inch ware then placed before
the child. He was then asked the final three questions on the test, which were
designed to make certain thé subject knew the three relations ;ere mutually
exclusive. That is, 1f the red stick was longer than the green stick, then it
could not be either shorter than nor the same length as the green stick. 1In
order for the subject to continve in the study, he had tc get all nine of the
items correct on this test. As a result of this procedure, some subjnrcts were
eliminated from further testing and the percentages of the subjects who under-
stood the various terms were found.

The administration of the Conservation of Length Relations Test (CLRT),
which took approximately ten minutes, was begun Immediately. This test was

constructed by the investigator and consisted of nine items designed to

Q v
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.measure the subject's ability to establish a length relation between two objects
and maintain it regardless of any length-preserving transformations on either of
the objects. The same three perceptual situztions and relations were used in
this test as were used in the transitivity test. One item was written for each
perceptual situation and relation. On the basis of this test each subject was
classified into one of three levels of conservation ability. The levels were
defined as follows: (1) a "high level"” 1if a subject got at least two items
correct on each length relation; (2) a "low level" if there was not more than
one length relation on which the subject got twy or moie items correct; (3} a
“medium level' if the subject had not been classified into either the "high"
or "low" levels.

The materials used in this test were red and green sticks, approximately
eight inches in length and one-fourth inch in diameter, and pleces of opaque
cloth. For the "longer than " and "shorter than' questions, the sticks
differed in length by approximately one-fourth inch. The nine items. each
containing four questions, were given in random order for each child, Two
sticks, one red and one green, were placed in front of the subject and beside
each other so that at least one pair of their endpoints coincided. The first
question on each item was designed to make svie the subject could establish
that particular length relation. For exarple, "Is the red stick longer than the
green stick?" would be the first questioa for the relation "longer than."

After the relation had been establirhed, the examiner moved one of the sticks a
distance of approximately twenty-four inches in the case uof the neutral situation.
For the conflict situation, one of the sticks was moved to form a " " with
the other, with the placement of the sticks being such as to favor the incorrect
- response. In the screening situation, a8 soon as the relation had been
established the stick that was not to be moved was covered with a plece of opaque
cloth and then the other stick was moved a distance of approximately twenty-four
Q
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9
inches and covered. For all items, the {inal thiee questions were asked immediately
following the transformation. The questions, asked in randum order, were: (1) “Is
the red stick the same length as the green stick?'; (2) "Is the red stick shorter
than the green stick?"; (3) "Is the red stick longer than the green stick?"
In order to get an item correct, the sut ject had %o ~espord correctly on

all four questions of each itein. The su'ject had to make two 'no"

responses

and one '"yes" response cn the last three questions to pet the item correct. Since
these questions were asked in random order, the subject could not establish any
pattern for the correct responses. The probability of getting any given item
correct by guessing is .125. This is true because the subject could give a
response of either 'yes" or 'no" for each of the questions and lence the
probability of guessing a correct answer is .5, Therefore the possibiiity of
getting the three questions correct by guessing is {.5)3 or .125. The subject
scored one point for each correct item and no points for an incorrect one.

The Transitivity of Length Reliations Test (TLRI) wes constructed by the
investigators and consisted ¢f twenty-seven items designed to measure the
subject's ability to use the transitive property of the three length relations
in the three perceptual situations. For each of the three relations, there
were nine items consisting of three items in each of the three situations.

The macerials used were the same as the ones previously described with
the addition of blue sticks; red, blue, and green soda strawvs; and red, blue,
and green pipe cleaners. This test was administered at two different sessions
each lusting approximately fifteen minutes. At one session the subject was
given thirteen itemaz and at the other, fourteen. One half of the subjects were
randomly assigned to take the thirteen item part first, the other one half to
take the fourteen item set first.

For each situation in each relation, there were three items, all very
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3imiliar. One question involvad the movement of the blue comparison stick from
left to right, another from right to lef:, while the third involved the same
moverent of the objects‘as one of the others, but the materlal.s were soda straws.
The items, eacn consisting of five questions, were given in a different raudom
orcder t: each subject.

For :he "neutrsl" situation, the red and green objects were placed in
front of the subject at a distance from each other of approximately twenty-four
inches. The blue object was then placed beside one of the others with one
pajr of their endpoints coinciding. The first two questions or each item were
designed to insure the subject could establish the particular length relation.
For example, "Is the red straw the same length as the blua straw?" would be
the first questiun for the relation ''same length as." After this relation had
been established, the examiner moved the blue object beside the green object
and asked the second question. For the example above, the question was: ''Is
the blue straw the same lengti as the green straw?" The Llue object was then
removed from the tcble and the final three questions were askaed immediately.
These questions were asked in random order and were the same as the final three
questions on each item of the conservation test.

The procedure for the "conflict" situation was the same as for the
“.eutral,” except that initially the red and green objects were placed forming
a % |___" rather than being spaced apart. The placement was such as to favor
the wrong response; that is, the shorter object (1f the objects were uot the
same length) was placed in the horizontal positicn. For the "screening"
gituation, the procedure was also very similar to -he "neutral.” In this case,
the red and green objects were never on the table at the same time unless one
or both were covered by the opaque cloth. The blue object and one of the other
objects were placed in front of the subject and, as in the other situationms,

Q stion to establish the relation was asked. One object was covered and
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then the third object was placed on the table and the blue object was placed
besi’e it and the same second question was asked as in the other situations.
The last object that had been placed on the table was then covered and the
blue object was removed and the same final three questions, as beiore, were
asked.

Two different scoring schemes were used and the data was analyzed using
each one. This was done to detexruine the influence, if any, of the twc scoring
procedures on the effects of the different variables. For the first scheme,
the one that will be primarily used in the discussion cof the results, the
subject had to respond corractly on all five questions to get an item correct.
If the item was correct, one point was given, and if incorrect, no points we;e
scored. Just as on the conservation test, all subjects responded correctly
on the first two questions on each item. The subject had to make two 'no"
responces and one ''yes'" response on the last three questions to get the item
correct, hence the probability of getting any given item correct by guessing
is .125, as stated before when discussing the conservation test. {n some of
the ite s the red objects were longer than the green and on some the greeu
were longer. This prevented the subject from cuing on the color of the
object to give the correct response.

For the second scoring scheme, the subject was given two peints for eiach
item on which all his responses were correct. In addition, one point was
scor~d for each item ~on which the subject correctly established the two
premises and then gave a 'y2s" response to the correct conclusion, but alro
gave an incorrect "yes" response to one of the other questions. However, no
points were scored if sll responses to the last three questions were ''ves,"
since it is known that some children at this age give a pattern of a)l "yes"

responses. To illustrate, the following would be an example of a response
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‘pa;tern for which oue point would be scored. The subject has correctly established
that the fed stick is longer than the blue stick and the blue stick is longer than
the green stick and then correctly concludes that the red stick is longer than

the green stick. He answers ''yes" to the question asking if the ved stick is

the same length as the green stick and "no" to the question asking if the red stick

is shorter than the green stick.

Data Analysis

Tests statistics, including reliability coefficients (KR-20), were computed
for the conservation and transitivity tests utilizing a computer program (Wolf,

Klopfer, 1963) and are shown in Table 1.

The main purpoce of the "Knowledge of Terms Test'' was to eliminate
subjects from the study who did not understand the various terms used in the
other tests, so no test statistics were necessary. Two grade levels and three
levels of ability to conserve length relations comprised the classification
variables for the study. A research design, outlined by Kirk (1968), using
repeated measures on two variables (in this case relation a.u perceptual
situation) was used whereby the main effects (fixed factors) of (1) grade
level, (?) r.latton, (3) level of conservation, and (4) situation and all
possible interactions vere tested for significance. In addition, t-tests
were performed on the scores of the subjects to detect any differences in
performance of the children on the conservation and transitivity tests at the
two schools and to detect any difference in performance on the conservation

test of tlie two grade levels.
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Aruitoxt provided by Eic:



T e Vet e ' N

Results of the Study
Table 2 shows the percent of subjects getting one or more items i.correct
on the KIT by grade and school. . As can be seen from the table, the first grade
children had = better understanding of the tevms thar the kindergartners and
more students from the Carter school were eliminated than the students from
Perkerzon. Both results were expected. Overall, fourteen of the nirety-six

subjects were eliminated, which wa: approximacely 15 percent of the total.

Table 3 containe the number of subjects that were classified into each
of the threc levels of conservation ability. It is seen that the ratio of first
graders classificd iato the "high' level of conservation ability was greater
than the ratio of kindergartners, while the ratio of kindergartners in the 'low"

level was greater than the ratio of first graders.

- o ——— o - - ]

In order to examine more closely the =ffect of grade level on conservation
ability, a t-test for significance of difference between means was used. The
results are shown in Table 4. A t value of 2.55 was f.und which is significant

at the .05 level.

- e o — - - -

The performance of thz subjects in the two schools on the conservation test
was also of interest. The re3ults in Table 5 shows there is no significant

difference in the perforrance of the subjects between the two schools.
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To deteimine the effects of the four varlables of situation, grade level,
relation, and level of conservation ability on the use of the transitive
property, sixty of the subjects were usec in the repeated measures design
previously outlined. There were six groups identified, compcsed of three
luvels of conservation ability within each of the two grade levels. Subjects
were randomly eliminated until] each group was reduced to ten. The complete
analysis of variance for all maiu effects and interactions is summarized in

Table 6.

i — . e = e e

An inspection of Table 6 shows that grade level was significant &t the
.05 level and conservation ability was highly significant at the .0l level.
To test the difference between all possible pairs of means for conservation
levels, the Newman-Keuls (Winer, 1962) method was used. The differences in
means for all conservation levels were significant at the .0l level. The
F-ratio was not significant at the .05 level for either the main effect of
relations or for any of the interactions. The overall T test to detect
differences in the means of the three situations was significant beyond the
.01 lavel. The Newmun-Keuls method was again used and shoved the differences
between the means for the neutral situation and the other situationt were
significant at the .0l level, but the means for the acreening and conflict
situations were not significantly different. The means for signfficant main

effe_ts are included in Table 7,
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In order to ascertain the effect, if any, on the variables due to a
different scoring method, an analogous ANOVA was performed using the second
scheme. In Table 8, the complete unalysis is summarized. A crrparison of
Table 8 with Table : shows there were no important differences in the two

analyses using the different scoring schemes.

Several decisions were made in considering a best plan for attempting
to ascertain whether a child's ability to conserve a length rels:ion is a
necessary and/or sufficient conditinn for him to use the transitive property
of that relation. First, precision would be increasud by consideriug the
question fur each relation for each child rather than attempting to give an
cverall classification of the child's ability to use the transitive property.
Second, sitnce the -onservation test was scored in a manner analogous to the
first scoering scheme used for the transitivity test, more couparable scores
would result using the first scheme. Third, in order to be considered as
being able to conserve a relation or to use the transitive property of that
relation, a subject would have to get at least two-thirds of the items correct
on that relation. For the conservation test this meant a score of either two
or three and for the transitiviiy test, a score of six or more. The probability
of meeting criterion by guessing is .043 for each test. Each of the three
relaticns for each subject was investigated the resulte of which are given in

Tables 9 and 10.

| - . 10
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Inspection of Table 9 shows that ability to conserve a length relation
is not a sufficient condition for using the transitive property of the same
relation. Of the total of 152 times that a relation was conserved only in
67 cases (44 percent) was this followed by the successful use of the transitive
property of that relation. The question dealing with necec:ity is more difficult
to answer. In 12 cases out of 94 (13 percent), the transitive property was
used successfully when the relation had not been conserved. These 12 cases were
investigated more closely with the following results. Two of the cases involved
the sa.e subject, hence a good possibility exists of measurement error in
assessing chis subject's conservation ability. 1In nine of the remaining ten
cases, the subject had one of the three conservation items correct indicating
some knowledge of conservation principles. Only in on~ case did the subject get
all the conservation itens incorrect on a relation and then score six or more
correct on that relation on the transitivity test. However, even after considering
these special cases, an unequivocal answer cannot be given to this question.

The second scoring scheme was used in investigating response consistency.
The performance of the children was investigated in each of the nine possible
combinations of relation and situation. There were three iteus for each
combination. Each correct item was scored two points; hence, 1 subject's
possible scure was six for each of the nine combinations. A decision was made

that a score of 4, 5, or b on any combination would be considered rufficient
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evidence to say the subject could use the transitive property of that relation

in that particular situation. To allow a subject scoring four on a combination

[E

to meet criterion is debatable, since by allowing this score the probability of
meeting criterion by guessing is .079. However, when the different possible
ways of obtaining this score are investigated the decision seems more reasonable.
One possibility would be two of the three items scored completcly correct. The
other 1s that one item is completely correut and the other two are partially
correct. In both cases, the subject had demonstrated considerable ability to

use the transitive property.

An inspection of Table 1l shows a wide range of performance of the
subjects for the different combinations of relation and situation. For the
kindergarten children, the range was from 54 percent for the neutral situation
for the relations 'longer than' and "shocter than' down to 27 percent for
either "longer than' in a screening situation or "shorter than" in a conflict
situation. The range for the first graders went from a high of 76 percent
for "same length as" in a screéning situation to a low of 31 percent for
“longer than" in a screening situation. When the two grade levels are combined,
the percentages ran from 62 for "longer than" in a neutral situation to 9 for
"longer than" in a screening situation. It is noted that the high and low

percent are both for the same relation.

Discussion
Consistent individual behavior was rnot found to be characteristic of
most of the children in this study. This was evidenced by the fact that when

any three items on the transitivity test dealing with the same combination of
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rélation and situation were considered together, there were 323 cases (53 per
cent) out of a total of 738 in which the subject got either one or two of the
three items correct. Since the items were almost identical, this was a
surprising result. This seems tc indicate that many of the children were in
what Piaget would term a transitional stage in their intellectual development.
Almost paradoxically, when the group behavior was considered the performances
were very consistent. This was seen from the fact that none of the eleven
interactions were significant.

The difference in performance for the different situations was highly
significant, Children in both grade levels and in all three conservation levels
were able to use the transitive property in the neutral situation in many more
instances than in either the screening or cenflict situation. It was expected
that the conflict situation would be considerably more difficult than the
others due to the illusion effect. This was true for the equivalence relation
"same length as," but for both order relations the screening situation was more
difficult. (Even though the relation X situation interaction was not significant,
it warrants discussion). There may have been two contributing factors. First,
since the objects had to be covered in the screening situation before the final
three qQuestions were asked, there was a slightly longer period of time between
establishing the premises and giving the co.clusicns in this situation than
for the others, which may have given the child more opportunity to forget the
premises. Second, in the case of the equivalence reletion the child had only
to remember the red ooject was the same lengtn as the green object, whereas
for the order relations, the child had to remember the relation and also which
of the objects was the longer or shorter. It seems clear froam these results
that for many of the children their understanding cf the transitive property
18 not gufficient to withstund thc effect of an illusion. Only tivo kinder-

garten and five first grade children out of a total of 82 sutjects could be

Q ~
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classified as being able to use the transitive property if to meet criterion

at least tvo-thirds of the items or each of the three relations had to be
correct. However, 16 kindergarten and 33 first grade children met the
criterion of at least two-thirds of the items correct on at least one relation.
It appears that a determination of an age at which X percent of children are
able to use the transitive pfoperty is not a fruitful endeavor because such

an ability appears to be highly task specific.

The first grade children performed significantly better than the
kindergarten children on the use of the transitive property across all
conservation levels, relations, and situations. Since none of the children
had formal experiences with the principles investigated in the study, this
difference was due mainly to an age effect. However, it should be nated
that the first graders mean score was only 52 percent and the kindergartners
was only 42 percent, which indicates, along with the performance data. that in
neither grade level is it safe to assume most of the children can use the
transitive property of the length relations.

The difference in performance for each of the counservation levels was
highly significant. This differing performarce was consistent across all grade
levels, relations, and situations. The differences were in the expected
direction with the high level group p-rforming best and the low level group
showing the poorest performance. A significant correlation of .67 wes found
between total score on the conservation test and total score ¢n the transitivity
test. The ability to conserve a length relation was clearly not a sufficient
condition for the use of the transitive property. When considered in a context
of measurement errors, the resulis did not contradict the necessity part of the
question.

The performance of the first gradevs vas significantly higher on the

O

Aruitoxt provided by Eic:



T AR N g AT N b e Ty [ - -

[E

20
conservation test than that of the kindergarten children. Of the first
graders, 44 per cent were classified into the high level of conservation
ability whereas only 27 per cent of the kindergartners were in the high level,
Forty-six per cent of the kindergartners and 24 per cent of th: first graders
were classified into the low level. It is clear that it would be erroneous
to assume that a majority of children in either kindergarten or first grade
are capable of conserving length relations.

The basis of the recommendations to include equivalence and order
relations in the study of mathematics by very young children is based on a
premise that it is through equivalence relations that important abstractions
in mathematics originate. For example, set equivalence leads to number
divorced from any particular set; an amount of money car be based on the
relation "buys as much as" (twenty-five cen:s is not a quarter nor 25 pennies);
or "holis as much liquid as' may be used to develop notion of a quart, etc.
Order relations can be viewed as expressing the direction of the difference
relation which is associated with each equivalence relation. For example, if
object A is not the same length as object B, then the objects can be ordered
using the order relation ''shorter than.' Curriculum workers who follow fuch
recommendations must be cognizant of data such as that presented in this study
even though it 1is status data. Because transitivity is task 3pecific for
kindergarten and first grade children and is contingent, with a high probability,
on whether or not the child can conserve the relations involved, before one
could realistically expect such abstractions as noted above to occur, care
should be exercised to insure that the ability of the children to use the
transitive property is operative at least across tasks used iu learning
experiences. Certainly if children cannot conserve relations involved,
there is little chance of abstractions occurring. Whether children who

can conserve relation but who cannot use transitivity of those relations can
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.easily be led to make transitive inferencesis a question on which little
evidence is available., Given that transitivity éf‘particular relations can
easily be induced in conservers of those relations who do not naturally use
transitivity, whether such children can apply transitivity in as wide a
variety of tasks as children in which transitivity naturally develop is

also an open question.
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Table 1

Tests Statistics

(N=82)
Test Mean S. D. Reliability
CLRT 5.38 2.52 .75
TLR1 12.37 6.24 .87
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Table 2

Percent of Subjects Elimincted By Grade and School

Grade
School K Fivst Total
Carter 35 7 21
Perkerson . 13 0 7
o .
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Table 3

Nurber of Subjects By Grade and Couservation Level

Conservation Level

Grade Righ Medium Low

K 10 10 17

First 20 14 11
20
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Comparison of Mean Conservation Scores Between Grades

Table &

Grade N Mean S.D. Difference d.f. t
In Means

K 37 4.52 2.53 - - -
First 45 6.00 2,36 - - -

*
Total 82 5.38 2.52 1.38 80 2.55

*
(p<.05)
Q 20
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Table 5

Comparison of Mean Conservation Scores Between Grades

School N Mean S.D. Difference d.f. t
in Means
Carter 40 5.29 2.72 - - -
Perkerson 42 5.48 2.32 - - -
Total 82 5,38 2.52 .19 80 .34
P
Q y
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Table 6

ANOVA For The Total Transitivity Test Score

Source of d.f. M.S. F
Variation

Between Subjects

Grade Level (4) 1 12.15 4.12;,
Conservation (C) 2 47.07 15.96
AC 2 1.24 <1.00
Subj. w. groups 54 2.95
Within Subjecis
Relations (B) 2 .87 <5 .00
AB 2 .12 <1.00
ABC 4 1.62 1.22
BX Subj. w. groups 108 1.33

K%
Situations (D) 2 8.98 14,03
AD 2 .28 <1.00
cD 4 .77 1.20
ACD 4 .06 <1.00
DX Sub. w. group 108 .64
BD 4 .91 1.82
ABD 4 .45 <1.00
BCD 8 75 1.50
ABCL/ 8 .40 <1.00
BD X Subj. w. groups 216 .30

* *
(p<.05) ** (p<.01)

Q ' 20
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Table 7

Significant Miin Effects

Situation Neutral Screening Conflict
Mean 56 43 42
Conservation

Level High Medium Low
Mean 64 48 30
Grade Kindergarten First
Mean 42 52

o “dJ
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ANOVA Table For Second Scoring Scheme

Table 8

Source of d.f. M.S F
Variation
Between Subjects
Grade Level {(A) 1 26,66 2.90:‘:*
Conservation (C) 2 95.82 10.42
AC 2 1.91 <1,00
Subj. w. groups 54 9.20
Within Subjects
Relations (B) 2 2.50 <1.G0
AB 2 .29 <1.00
BC 4 8.14 1.55
ABC 4 5.93 1.13
BX Subj. w. groups 108
*k
Situations (D) 2 30.54 13.05
AD 2 .62 <1,00
CD 4 3.13 1.34
ACD 4 .43 <1.00
C X Subj. w. group 108 2.34
BD 4 2.82 1.60
ABD 4 2.16 1.23
BCD 3 2.51 1.43
ABCD 8 2.10 1.19
BD X Subj. w. groups 216
*
# (p<.10) ** (p<.0l)
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Table 9§

Contingency Tables: Conservation By Transitivit-

For Each Relation

Same Length Longer Than Shorter Than

T T T . T T

c 31 26 16 32 20 27

T 2 23 5 29 5 30
Q : 31
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Table 10

Contingency Tables: Conservation By Transitivity

K First Total
T T T T T T ST
C 20 38 47 47 67 85
~C 2 51 10 31 12 82
Q e
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Table 11

Percent of Subjects Meeting Criterion on Transitivity:
Relation by Perceptual Situation by Grade

Relation
Grade Situation Same Lenth As Longer Than Shorter Than
Neutral 54 54 51
X Screening 41 27 30
Conflict 38 35 27
Neutral 67 69 64
F Screening 76 3l 42
Conflict 51 51 47
Neutral 61 62 5%
Total Screening €0 29 37
Conflict 45 44 38
o 30
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